Summary.-Tissue histamine levels were studied in C3H and C57BL/6 mice bearing a methylcholanthrene-induced fibrosarcoma, in Wag rats bearing an aflatoxin B, -induced hepatoma, and in Commentry rats bearing a grafted hepatoma. Histamine levels were significantly higher (1-5 to 3 fold) in the tumour-bearing animals for ventral and dorsal skin, skeletal muscle and stomach fundus. Total histamine content was increased in the spleen.
mon (1 977a) compared the intensity of immediate hypersensitivity (anaphylactic type) reactions in normal C3H mice to those in mice carrying a 3-methylcholanthrene-induced fibrosarcoma (McC3). The intensity of active or passive anaphylactic shock decreased in the tumour-bearing mice. This was also the case for passive cutaneous anaphylaxis, the inhibition being strongest when the tumour was large. These results led us to investigate whether modifications of tissue histamine content could account for the diminished immediate hypersensitivity in tumourbearing mice. We had previously shown that, in many tissues (skin, skeletal muscle, stomach, kidney and blood) of C3H fibrosarcoma bearing-mice, the histamine levels were significantly higher than in normal mice (Scheinmann et al., 1979) .
The aim of the present work was to discover whether this apparently paradoxical increase in histamine levels in tissues distant from the tumour 1) could be found in other animals bearing other tumours, and 2) was dependent on the presence of the tumour.
MATERIAL AND METHODS

Animals and tumours
Wag rats bearing a hepatoma.-Male rats (Wag strain) were fed from the time of weaning on a diet containing 250 ,ug/kg aflatoxin B1. Such a diet induces hepatomas in all rats and a small percentage of kidney tumours. In the present study, the animals were killed at 16 months and all of them were hepatoma-bearing. Ten males of the same breeding were used as controls.
Commentry rats bearing a grafted hepatoma.-
The LF hepatoma was a 4-dimethylaminoazobenzene-induced transplantable hepatoma. It was inoculated i.p. into 20-day old male rats of the same strain. The animals were killed 7-16 days after transplantation. Ten males of the same breeding were used as controls.
C57BL/6 mice carrying a grafted fibrosarcoma.-The McB6-1 tumour is a fibrosarcoma induced by s.c. injection of 2 mg of 3-methylcholanthrene and transplanted isogeiiically with a trocar s.c. In this experiment, the tumour was removed aseptically and cut into small pieces. These were then stirred in 0.25% trypsin (Difco) in phosphate-buffered saline for 20 min at 37°C.
Ten C57BL/6 males (aged 10 weeks) received 104 tumour cells s.c. They were killed between the 24th and the 28th day after the inoculation of tumour cells. Histidine might also influence the reaction, but to a negligible degree, since the molar fluorescent ratio (molar fluorescence of histamine/molar fluorescence of histidine was 15,500. The reproducibility was good ( < ± 2 % for concentrations lower than 2 ng/ml and < ± 1% for greater concentrations). The concentration of histamine base was presented as the mean+ s.d. ,ug/g of fresh tissue and ,ug/l of blood. The statistical test employed was the non-parametric U test of Mann and Whitney.
RESULTS
Wag rats bearing a primary aftatoxin hepatoma
Histamine concentrations were significantly higher in tumour-bearing rats than in normal rats in several tissues: ventral and dorsal skin, skeletal muscle, spleen and stomach fundus. No modifications were observed in kidney, stomach rumen, lung and liver (tumorous part or macroscopically normal part) ( Table I ). The mean spleen weights were similar in normal and hepatoma-bearing rats (592 mg + 50 vs 575 + 118) but the total hista- * Total histamine (ng). mine content of the spleens was higher in tumour-bearing rats than in normal rats.
Commentry rats bearing a grafted hepatoma
Histamine concentrations were significantly higher in hepatoma-bearing rats for all tissues studied: ventral and dorsal skin, skeletal muscle, thymus, spleen, kidney, stomach (fundus and rumen) except lung (Table II) . In liver, increased histamine concentrations were observed whatever its macroscopical aspect. The hepatoma was accompanied by extreme splenomegaly (644 mg ± 38 vs 281 mg ± 16), a slight increase in thymus weight (408 mg±97 vs 311 mg±20) and a very large increase in total histamine content for these two tissues.
C57BL/6 with McB6-1 fibrosarcoma
Tumour weight was 2094 mg + 504. Histamine concentration was measured in the total tumour (1.32 + 0-52 ,ug/g) including necrotic and non-necrotic tissues. When the outside layer of actively growing tissue was assayed, histamine concentration was very high (60 ,ug/g).
The histamine concentration in ventral and dorsal skin, skeletal muscle, blood, kidney, thymus and lung was significantly higher in tumour-bearing mice than in normals (Table III) . The thymus weights of tumour-bearing mice were lower than in normals (24 mg + 10 vs 50 mg ± 11) but their higher histamine concentrations accounted for their increased total histamine content (125 ng vs 91 ng). In spleen, the histamine concentration was similar in tumour-bearing and normal mice. As tumour growth was accompanied by great splenomegaly (346 mg ± 166 vs 68 mg ± 8) the spleen total histamine content was significantly higher in tumourbearing mice.
C3H mice with McC3-1 fibrosarcoma Tumour weight was 706 mg+ 244; in the total tumour, the histamine concentration was 19-3 + 7-1 tg/g, and in the actively growing parts it was much higher (120 Mug/g).
The histamine concentration in dorsal and ventral skin, stomach (rumen and fundus), skeletal muscle, kidney and blood was significantly higher in tumour-bearing than in normal mice (Table IV) . No change was seen in the lung, and a significant decrease was detected in the spleen, accompanied by great splenomegaly (708 mg ± 92 vs 93 + 9). Thus the total content of histamine in the spleen of tumour-bearing mice was significantly higher than in normal mice.
Infiuence of tumorectomy. In the 7 mice the tumours of which had been successfully removed surgically, and in the sham-operated normals the histamine concentrations were not significantly different from those of normal intact mice (Table IV) . In addition, the splenomegaly had disappeared (102 mg ± 23) and the splenic histamine levels normalized in the tumorectomized mice. For the 3 mice in which the tumour regrew, the histamine levels were similar to those of control animals with tumours of comparable size.
Influence of intratumoral injections of CP. This treatment induced a significant decrease in tumour weight (706 mg ± 244 vs 1 66 mg ± 152) anid in spleen weight (1-04 mg ± 26). In the treated tumourbearing mice, the tissue histamine concentrations were not significantly different from those of normal mice, except for spleen (Table IV) .
D)ISCUSSION
An increase histamine content in proliferative tissue (such as embryonic tissue, scar tissue, regenerating liver and some tumours) has been previously described (Kahlson & Rosengren, 1971) . However, the histamine content of the tissues distant from a tumour has not hitherto been studied. We have recently shown an increased tissue histamine concentration in C3H mice bearing a 3-methylcholanthrene-induced transplanted fibrosarcoma. A similar phenomenon is here demonstrated with the 3-methylcholanthreneinduced fibrosarcoma in C57BL/6 mice, the aflatoxin B1-induced hepatoma in Wag rats, and the grafted LH hepatoma in Commentry rats. This increase is independent of the metastasizing capacity of the tumour. The increase in histamine cannot at present be attributed to chronic anaphylactic reactions, as no evidence was found that active reagin-mediated local anaphylaxis against tumour components occurred in C3H mice bearing the Mc C3-1 fibrosarcoma (Lynch & Salomon, l 977b) .
The increased tissue histamine concentration is due to the presence of the tumour. Indeed, the surgical removal of the tumour or its regression by intratumoral injections of CP induced a reversion to normal values of tissue histamine.
Several direct and indirect data have shown that histamine and vaso-active amines play a role in the host's defence against the tumour.
The intratumoral induction of passive local anaphylaxis in McC3-1 fibrosarcoma resulted in the complete regression of a significant number of tumours, and this therapeutic effect was eliminated by cyproheptadine treatment (Lynch & Salomon, 1977b) . Some recent experiments (Burtin et at., 1981) have shown that i.p. injections of histamine in McC3-1 and McB6-1 fibrosarcoma-bearing mice significantly inhibited tumour growth. This effect was attributed to the penetration of anti-tumour cytotoxic elements into the tumour via increased vascular permeability (Lynch & Salomon, 1977b; Askenase, 1977) .
In contrast, the tumour seems to have an "antihistaminic" activity. Indeed, McC3-1 fibrosarcoma-bearing mice had a significantly lower blood concentration than normal when injected i.v. with anaphylaxis-simulating doses of a mixture of histamine and serotonin. Moreover, the i.v. injections of 0 2 ml of a McC3-1 extract into normal C3H mice 30 min before antigen challenge resulted in an inhibition of the passive cutaneous anaphylactic reaction (Lynch & Salomon, 1977a) . The increased tissue histamine concentrations observed in tumour-bearing animals could perhaps represent an effort by the animals to overcome their reduced response to histamine. Another view is that the increased histamine levels might be due to mediators produced by the tumour or to a non-anaphylactic immune response to the tumour.
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